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o ~ ABSTRACT

Model studies indicated that the initial design of the Glen Elder Dam
spillway was adequate for flows up to and including the 264,500 cfs -
maximum discharge. Spillway discharge is conirolled by twelve
50-foot-wide by 21, 76 -foot-high radial gates and the energy is dis-
sipated by a hydraulic jump stilling basin (Type III).- Total drop in
elevation from spillway crest to basin floor is 84, 4 feet. - Tests per-
formed and results recorded include velocity and water surface pro-
_files in the approach channel, water surface profiles throughout the.
" structure, pressures on the baffle pi€rs, erosion in the approach and
downstream chasinels, and discharge capacity and coefficients for the
~ spillway. Training dikes for the approach channel, and five different
baffle pier and end sill arrangements in the stilling basin were tested.
The shortened baffle pier was used in construction. - ’

" /DESCRIPTORS-- *dentated sills/ hydraulic structures/ *stilling basins/
_ discharge coefficients/ discharge measurement/ flow/-Froude number/
" hydraulic jumps/ hydraulic models/ open channel flow / spillway crests/

*water surface profiles/ velocity distribution/ erosien/ radial:gates/ .

 IDENTIFIERS-~ *baffle piers/ hydraulic design/ Glen Elder Dam, Kan. /

.
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PURPOSE

- Model stud1es were conducted to: determme the hydrauhc operating
.characteristics of the low-head, radial gate-controlled “spillway in-
cluding the approach ¢hannel, hydrauhc Jump stilling basin, and down—
stream exzavated channel : : :

CONCLUSIONS

1. Approach ¢hannel ﬂow was smooth for dlscharges up to about -
200, 000 ¢fs ‘(cubic feét per second). . Some turbulence occurred:at

- .-hxgher discharges from flow-over the approach channel side slopes,

 ‘Figure 6. Erosmn of the approach channel side slopes may occur,

: at or near maximum discharge with the gates fully opened, F1gure 7.
. _'-Tramlng dikes, placed along the sides of the approach channel, did -

~not-eliminate’the turbulent flow or erosion of the channel sidewalls,
Figure: 9. 'The average flow velocity in the approach- ‘channel was '
’-about 12, 5 t‘eet per second. at. Statlon 29+50 Flgure 12. '

'2; The velomty head at the floatwe 11 mtake was about 1 foot and
. equal:to the drawdown at that point-for maxunum dlscharge of
‘264 500 cfs and fully open gates F1gure 11

‘ 53 Free flow through. the bays was generally smooth except that more
water surface drawdown was observed on the left side than on the
‘right side of all: p1ers ‘Gate-controlled flow was smooth for all.dis-
. .charges. 'The minimum. clearance between the water surface and the
- _gate trunmon pllasters at maximum free flow was ke feet F1gure 14,

‘1’-4 The toe of the hydrauhc Jump surged upstream to Statlon 33+00 S
at: 264 '500.¢fs discharge and normal tailwater, This information was .

LuSEd for th..kglacement of the prototype outlets from the dratnage
l_ler1es. TN . i S




5. The maximum discharge of 264, 500 cfs was obtained at reservoir
elevation 1492, 2, Figure 17. The coefficient of discharge at 264, 500 cfs
was 3.59. : o S

6. The hydraulic jump was contained within the stilling basin at all
discharges, for all the basin designs tested. The height of the chute-
“and basin sidewalls was adequate to contain nearly all flows. With
the "T" baffle piers installed, surging of the hydraulic jump over-
topped the basin walls at maximum discharge and normal tailwater.

7. Flow in all basin designs tested moved most foreign material out,

and no bed material was brought into the basin from the downstream
channel for any discharge. The hydraulic jump did not sweep out with

the minimvm model tailwater elevation of 1427, or 3.6 feet below normal.

8. Baffle pier pressures ranged from 76 feet of water above atmos- -

pheric to 10 feet below atmospheric in the preliminary pier for maximum

discharge and normal tailwater; 60 feet above to 4 feet below atmospheric

g:% the short p1er and 32 feet above to 13 feet above atmospherlc on the -
p1er

9. Al bafﬂe piers produced a hydrauhc jummp which stayed within the
length of the basin, Figure 28. The short piers caused a more gradual
rise of the hydraulic Jump. 'I‘he "T" piers caused a very steep, tur-

“ " pulent jump.

-10. Erosion in the downstream channel was mlmmum when the pre-
liminary baffle piers were installed; shghtly more’ erosion occurred

. 'with the short piers; and the ""T" type piers caused extensive erosion

1mmed1ate1y downstream of the basm ) -

11, The truncated or short bafﬂe pj.ers were used for the prototype
. design pr1mar11y for structural considerations.

12, All end sills tested produced sat1sfactory flow cond1t10ns which

- either-allowed bed material to remain, .or move upstream and lodge :

. against, ‘the end sill, F1gure 24A., The sohd end 5111 was used in the
:prototype de51gn : . '
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INTRODUCTION

‘Glen Elder Dam,. situated immediately upstream from the city of Glen
Elder, Kansas, on.the Solomon River, Figure 1, is the principal-fea-
ture of the:Glen Elder Unit, Solomon Division of the Missouri River
Basin Project. The purposes of the dam are flood control and conser-
vation, includingirrigation, pollution abatement, and municipal water
supply. The earthfill dam embankment is approxunately 15, 200 feet
long at the crest and has a height of approximately 115 feet above the
river bed, Figure 2. The principal hydraulic features of the dam are
a radial gate-controlled sp111way and an-outlet works, '

The spillway, the sub]ect of this report, includes an excavated approach
channel, a concrete gate structure, chute, hydraulic jump stilling basin,

| .and an excavated outlet ¢channel, Figure 3. The discharge is controlled

by twelve 50-foot- ‘de by 21.76~foot-high radial gates, and-the total
drop in-elevation -from the spillway crest to the st1111ng basin floor is
 84.4 feet. - The energy of flow from the reservoir is dissipated by a
~hydraulic jump st1111ng basin., .The excavated outlet channel extends

for about 4, 400 feet ina gentle ogee curve to the Solomon Rlver

Tt'e maximum desugn dlscharge of the 5p111way is 264 500 cfs at reser-
voir water surface elevation 1492, 9. The normal reservoir water sur-
-face elevation will be 1455, 6 and the top elevation of the flood control

: ‘pool will be 1488.3.' The gates are prov1ded w1th individual automatm

5 control

The foundation matenal at: the spillway contams bentomt1c shale seams
which could reduce the stability.of the structure by increasing the sliding
~factor. - This affected the design of the structure, as noted in-appro-
priate sections throughout the. report, D1men51ons of important quan-: -
tities used in this report are listed in Table 1 for ‘both English and

' metnc umts ' ; S




THE MODEL

The tests were conducted with a 1:72 scale model which contained
the 12 bays of the overfall spillway, the excavated approach channel,
about 1, 040 by 1, 870 feet of the surrounding reservoir topography,
the sloplng chuie, the stilling basin, and about 2, OUU feet of the
excavated downstream channel, Figure 4.

The reservoir topography and approach channel were formed in con-
crete, except for a“portion of the left approach channel side slope
which was reformed with sand for erosion tests during the study., The
spillway crest and-downstream sloping chute were constructed of con-
crete screeded to sheet metal templates. The approach sidewalls,

- radial gates, and one baffle pier were made of galvanized sheet .
steel. The piers, chute walls, stilling basin floor, .chute blocks,

- end sill, and remaining baffle piers were made of weod and painted
to resist swelling. The outlet channel was formed of sand, with a
median-diameter of 0.8 mm, so that erosive tendenc1es of the fiow
could be determmed

Reservoir elevatmns were measured by means of a hook gage installed
iin a stilling well having an inlet located approximately 540 feet up-
stream from the spillway crest on the centerline of the approach chan-
‘nel, . Tailwater elevation staff gages were installed at Stations 36+50
and. 50+50 on the downstream channel centerline. Tailwater elevations,
"Figure 5, were controlled by an adjustable tailgate. Channel bed

: degradatlon was not. eonsudered in the. Inodel study R

'-‘Water was. supplied to the model:reservoir through a 12-—1nch diameter
 pipe connected to the permanent laboratory water supply system.

-~ Model d1scharges were. measured by Venturi meters’ permanently in- =~
- stalled.in this system - The ﬂow was st111ed by passmg it through a L
B—mch-thmk rock bafﬂe Ta _ o N

| THE INVESTIGATION |

'The ﬂow cond1t1ons in the approach area through the bays on the

chute, and inthe hydrauhc Jump stilling basin were observed over

" the full range of discharges. Erosion. tests were made in the approach

and ‘outlet -channels; pressures.on the baffle piers‘were measured; and
“a gpillway. discharge capacity rating was: obtained, -Performance of the

_ -;prehmmary gtructure was, generally satisfactory.. Several mod1f1ca—

- ‘tions.were tested but not. used in the prototype. de51gn, with the ex-
".ceptwn of the bafﬂe p1ers wh1ch were: eventually reduced in he].ght

. ‘1)'




Approach Channel Flow

-The approach channel flow was generally smooth up to 75 percent of
maximum discharge (about 200, 000 cfs), Figure 6. The 644- foot-
wide approach channel excavated to elevation 1456 was adequate to
provide smooth flow for these discharges, and the velocities were
-sufficiently low to permit the flow to follow.the gradually curving .
channel. At near-maximurh d1scharges, a portlon of the water ap~
- proached the spillway from the sides of thé main channel and created
some turbulence as’it entered the deeper approach channel, This
_ turbuletice originated about 500 feet upstream from the spillway crest.
on the left side and about 600 feet on the right side at 140, 000 cfs
discharge, and moved closer to the spillway as the dlscharge mcreased
toward maximum. :
- Because most of the side flow entered the main channel from the ri ght,
the flow direction at the bay entrances was slightly to the left and -
~caused a drawdown of the water surface on the left side of the piers.
The water surface drawdown was greatest at both end bays wh1ch were
the first to flow free as the gates were raised. The turbulence in the
approach channel and drawdown at the piers were not severe enough -
~ to cause adverse flow conditions in the spillway bays. However, the -
. gide flow into the main channel could conceivably cause erosion of the
3:1 side slope of the main channel. To determine the erosive tenden-
cies of the side flow, the left approach channel side slope was formed
. from sand and an erosion test was run, while holding the reservoir
water surface €levation at approxu_nately 1492, and opening the gates
‘by increments. No erosion of the side slopes occurred for gate open-
“ings up to 12 feet., Some of the top layer of sand started to form a

- .drift along the top edge of the chamnel side slope when.the gates were

~ opened 16 feet. Severe erosion-occurred at maximum discharge (gates
fully open) and the eroded material either passed over the spillway or
was deposited in the’ approach channel upstream firom the spillway '
.crest, Figure 7. By closmg the end gate, the side flow was reduced

. to the extent that no erosion occurred.

'-Trammg dlkes ‘--The 51de slopes of the approach channel were bu11t .

| Up to above maximum reservoir water surface and a dike on each

‘side was extended about 500 feet upstream from the spillway crest: to
prevent the flow from spllhng over the channel.sides, Figure 8. Flow -

- around the upstream ends of the training dikes created a drawdown in

+the water surface, and the velocities reached 9 fps (feet per second)

‘near the upstream ends of the d1kes, and 20 fps abouts10 feet upstream 7 :

from the ends of the dikes. ‘Riprap 1 to 4 feet in diameter would be
‘required:to prevent erosion of the ends: of the dikes and the adjacent
'_‘,channel S1de slopes 1/ Further tests on the left dlke 1nd1cated that

: '1 I"Hydrauhc Des1gn of St1111ng Basms and Energy D1s51pators,
. Engineering Monograph No. 25, ‘U, S, Department of the Inter1or
. Bureau of Reclamatmn Denver Colorado 1963 pp 207 217




.' placement of the upstream end of the dike at different angles changed
the flow patterns. The flow was smoothest when about 180 feet of
the upstream end was placed ‘about 30° away from the approach

“‘channel, Flgure 9. 8

Although the trammg dikes prevented the side flows from entering
the chapnel near the spillway and created smooth flow at the bays,
erosion would probably cccur at the upstream ends of the dikes, Due
to the expense of installing the dikes, the lack of complete protectlon
.afforded by them, and the infrequency of operation at near-maximum
discharge, the tralmng dikes were not included ir the recommended
design. : :

Water surface profiles. --Profiles of the water surface in the approach
channel were measured to determine the water surface elevation at

- the intakes to floatwells :which are located in the piers to automatically
operate the spillway gates, The intakes are located in the approach

" channel 400 feet upstream from the splllway crest, Figure 10. The
drop in water surface between the reservoir and floatwell intakes was
needed to properly adjust the automatic gate control mechanisms.
Water surface profiles at 50~foot intervals in the approach channel

. for maximum discharge were recorded, Figure 11. The maximum

- drop in water surface at the floatwell 1ntakes due to veloc1ty head was
:about 1 foot

-- 'Veloc1ty meagurements. --A veloc1ty traverse across the approach
channel at Station 29+50 or 101 feet upstream from the crest axis was
-_recorded for the maximum uncontrolled discharge of 264, 500 cfs;

~ Figure 12, The mean velocity measured at 0.6 of the, ﬂow depth 2/

' was about 13, fps across most of the approach channel. Erratic
velocities were recorded.in the turbulent region at the right end

.+ of the traverse where the side flow entered the main approach
- channel flow. :

-Vert1ca1 velomty proflles were . recorded for mamm..m dlscharge at

U four locations, 106 and 232 feet on either side of the approach channel

. centerline at Station 29+50, Figure 13, The profiles indicated velo-
' -01t1es from 11 to'16 fps throughout the measured depth

" .'§p111way and Chute Flow

"_‘EThe ﬂow through the sp111way bays was generally very smooth " The

- pier noses, -which were slanted about 37° from vertical and;rounded

in.section, Figure 14, caused no.turbulence. ‘Excessive approach .

“-flow from the right side of the: approach channel-affected .the amount

-',of drawdown along the s1des of the p1ers, as: prevmusly descr1bed

,-QZJD T\TI Corbet 3 aT '”Stream Gagmg Procedure 'ULS.”-‘Geologicga'l :
o Survey, Water Supply Paper 888 1943, AT

Ty
i




= ‘geat to the bottom of the gate: The seat was at Station 30+56 25o0r

Water surface profiles. --Water surface profiles along both sides of
five piers and along the right wingwall were obtained for maximum
discharge, Figure 14. These profiles show the smooth flow and
extent of drawdown along the 4-foot~wide piers. Drawdown at the piers
varied from about 0.5 foot at Pier 6§ to a maximum of 5 feet,- about

4 feet below the average flow surface, at Pier 11, Drawdown along-
the right wingwall was negligible, "The maximum differential head
across the piers was 6 feet. The profiles also showed a clearance of
about 5 feet between the trunnion pilaster and the maximum water
surface under the trunnion, The flow was smooth around the down-
stream end of the piers., A mild diamond pattern of standing waves

on the chute was created where the fiow rejoined at the blunt 18-inch-
wide pier ends, Figures 15A, B and 19, but this did not cause adverse
flow conditions. :

Water surface profiles were also measured along the right sidewall
from just upstream of the piers, to the downstream end of the stilling
" basin, for the maximum discharge of 264, 500 cfs and for 19, 25, 50,
75, and 125 percent of maximum discharge, Figure 16. Spot checks
cof. the water surface along the left sidewall showed similar profiles,
indicating symmetmcal flow in the chute and stilling basin. The
height of the chute sidewalls was’adequate to contain all flows. Tests
with various combinations of gates controlling the flow at maximum
. reservoir water surface elevation showed sufficient freeboard along
‘the chute walls, The flow .rose highest onthe chute walls: when-the
left gate was closed and all other gates were fully open, Figure 15C.

The toe position of the hydraulic jump surged upstream to Station 33+00
. for maximum discharge, normal tailwater. This test indicated where

- the prototype subdrain outlets from the draina ge gallemes should be
‘pos1t10ned

_._D1schar;ge capaclty ratmg —-D1scharge versus reservo1r water surface
elevation data were obtained for free flow and controlled flow at gate

 openings of 4, 8, 12, and 16 :feet, Figure. 17. The gate openings were -
‘-measured c1rcumferent1a11y along the arc of gate travel, from the gate

5.5 feet downstream from the c¢rest and.at elevation 1466, 54 or>0, 86-foot o
vertically below the crest. The discharge curve showed that 264,500cfs
- could ‘be passed at a'measured reservoir water surface elevatmn of

'1491 4, or elevatmn 1492,2, 1nclud1ng veloc1ty head

y A d1scharge coeff101ent curve was computed from the free ﬂow d1scharge o
- rating model data and included in Figure 17. The coefficient of dis-

,charge (Cd) 1s defmed as . s .Q where L equals the total crest R
:-‘-'leng'th of. 600 feet H equals the head 1n feet meaSured from the crest e

B




elevation 1457, 40, to the reservoir water surface, measured 540 feet
upstream from the crest in the approach chamnel, plus the velocity
head at this point, Figure 18; Q equals the total discharge., The max-
imum discharge coefficient was about 3.63 for a discharge of

150, 000.cis, while the coefficient at maximum design discharge of
264,500 cfs was 3.59. The slightly lower coefficient at maximum

' "d1schérge was probably.due to the turbulence of the side flow into
the main approach channel which moved closer to the spillway crest
- as the head increased. :

Hydrauhc Jum}:LStﬂhng Basin- -Prehmlnary Des _gn |

'The energy of the splllway flow was dissipated in a Type III 3/ hydraullc

jump stilling basin which is relatively short and contains.chute blocks,
baffle piers, and an end sill. This basin type was selected on the basis
of infrequent. ant1C1pa1:ed usage and maximum construction savings. The
incoming flow in a Type IIL basin is usually limited to velocities of 50 to

60.fps and unit d1scharges less than 200 .cfs. The basin is satisfactory .

for values of Froude number above 4.0, The Glen Elder design entrance
depth (D1) at the bottom of the chute, was 5 feet with an entrance velocity

. {V1) of .82 fps resulting in'a Froude number of 6.5 and a maximum unit
. ‘discharge of 411 cfs per foot of width. An-actual model incoming flow
depth (Dl) ‘measured close to the toe of the jump for 261, 400 cfs discharge,

. reservoir water surface elevation 1492.2, was 6.5 feet. For this con-
' dition, the entering velocity was 62. fps, the Froude number 4.3; and the -

unit discharge 406 cfs/foot.

The depth (D3), from the basin ﬂoor.to the downstream water surfaee
was designed to be greater than normal minimum. The minimum rec-
smmended tailwater depth for the Glen Elder operating conditions is

“about 31 feet but the design tailwater depth was‘about 48 feet. The

higher tailwater depth was designed to help maintain the jump within
the basin to raise the pressures on the baffle pier surfaces and to

_aveid a basin-which would.be above-the river: .channel elevation at its
. '-3unct10n ‘with the spillway outlet*channel:’ ‘The chute blocks, baffle
.- . piers, and-end:sill were 1n general de.-ngned accordmg to Mono-

o .graph 25.4/ - - e :

",

L «Basm and downstream channel ﬂow --The prehmmary basm operafed

. ‘sailsfactorily for all'discharges, Figure 19. The hydraulic jump was -
.- "contained well within the:basin for all discharges and corresponding .

- tailwater depths, Although some splash overtopped the basin walls at

maximum discharge, the sidewalls were adequate in height to contain

'~ the:. ﬂow Flow entermg the downstream channel was smooth and well- ‘

Y

[
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distributed across its entire W1dth There was about a 3-foot ﬂuctua-
tion in the water surface at maximum discharge.

Tests run at maximum discharge w1th the minimum , tailwater elevation
that could be set in the model (about 1427) showed that the jump would
~remain in the basin for all basm conﬁguratmns tested in the studies.

Basm self-cleaning tests. --No sand rock, or other material moved
into the stilling basin from the downstream channel during any operating
condition. Several tests were run to determine how effectively the
flow would remove rock and debris that might be accidentally deposited
. in the basin. Gravel representing 3-inch-diameter prototype material,
placed on the chute in the high-velocity flow at maximum discharge
moved out of the basin’immediately. Material which represented
1.5-foot-diameter prototype rock accumulated for a short time just -
upstream of the end sill and then moved downstream out of the ‘basin.
Three-foot-diameter material stayed upstream of the end sill and did
not leave the basin. Floating material placed in the flow tended to
concentrate in the center of the basin where it lingered in the jump

. for a short time and then moved downstream. As long as the material
~ stayed in the jump, it moved about and-occaSionally hit the chute floor.

The same tests were repeated for lower dlscharges At 75 percent of
maximum discharge, the 3-inch and 1.5 -foof diameter material stayed
‘upstream of the end sill for a longer time but eventually moved out of
the basin, The 3-foot-diameter material remained upstream of the end
sill. The floating material stayed 'in the jump. At 50 percent of maxi-
mum discharge, the 3-inch material moved out of the basin much more-
slowly and all larger material stayed upstream of the end sill... A dis-
charge of 25 percent of maximum moved all .rock material to Just up-
stream of the end sill, where it remained. The-floating particles had
very little action and would not cause damage at this flow. The larger
material remained upstream of the baffle piers at 6 and 12 percent of
‘maximum‘discharge, -and the 3-inch material moved to just downstream
"of the baffle piers. The floating material ni¢ved quickly downstream of
"'the basin at a discharge of 2 percent of maximum (5, 300 cfs) discharge
and all rock material remained upstream of the baffle piers.

~Downstream channel erosion-test. -- The main-excavated chenne1 down- -

stream of the stilling basin was 644 feet wide w1th the: invert at eleva-

tion 1405, 0 and was formed:-in sand in the modeél: A 1900-foot-wide

depressed channel with the invert at elevation 1385 :(later changed:to

., 1390) was cut-in:the main channel. The sides of both channels were
~on.a 2:1 ‘slope. - A 3-foot layer of riprap on 18-inch bedding was
specified in the downstream channel from the end of the basin, Sta~-
“tion 34+85.to Station 36+25, to protect the 5:1 invert slope’ between

~_the basin and the channel. The riprap was. spe01f1ed after. completlon
.of-the -model stud1es, however, “and was not tested in the model

‘.?F1gure 2DA




Erosion tests with the pre]_mmary design basin were made at maximum
discharge for 2 hours.vx iith the tailwater at elevation 1431. The channel
topography was leveled by these test flows forming essentially one
.channel, There was neither deposition nor removal of bed material at
. the downstream edge of the end sill. The four contour lines on Fig-
_ure 20B show where the initial channel floor elevations of 1385 and 1405
were located at the end of the erosion test.

Baffle pier pressures. -- The baffle pier located 1mmed1ate1y to the r:Lght
of the spillway centerline was made of sheet metal and equipped with

6 piezometers, which were located in areas where previous tests have
shown that high impact pressures and subatmospheric pressures might
occur. Pressures were measured with single-leg, water-filled, manom-
eters at discharges of 25, 50, 75, and 100 percent of maximum discharge
and normal tailwater e1evat1ons No subatmospheric pressures were
-measured durmg these tests, Figure 21.

The h1ghest observed impact pressure was 76 feet of water and occured

~ at the base of the upstream face of the pier at maximum discharge. The
water depth over the pier at maximum discharge was about 40 feet, )
Since the pressure at Piezometers 4 and 5 (on the side.of the pier) dropped
progressively as the dlscharge was increased, the test was extended to
include 125 percent of maximum d1scharge and tailwater elevation 1434.
The two pressures on the side of the pier dropped to an average 9 feet of

" water below atmospheric during thls test and fluctuated over about 20 feet
_'Flgure 22A _ .

. Instantaneous dynarmc and average pressures were also obtained w1th
‘diaphragm-type pressure cells and electronic recording equipment. The
-average dynamic pressures recorded were similar’to those obtained from
the water manometers, Figure 22B. The range in feet over which the

. pressures fluctuated and frequency rate of the fluctuations are tabulated
on Figure 22C. The frequencies were about 1 cycle per second {prototype)
‘throughout the tests. ' The magnitude of fluctuations, however, greatly
~increased as the discharge increased, and was greater for Piezometers 4
"and 5 than the other piezometers. durmg tests for 50 through 125 percent

- of maximum- d1scharge ‘The fluctuations were as much as 80 to 90 feet
of water at maximura d1scharge and about twice the magmtude of the
__pressures observed at. any of the: otner plezometers. : -

':Mod1f1ed Stilli g Basm Demg-n

;D1fferent combmatmns of three baffle pier and three end s111 deslgns
-were tested in the stilling’ basin,: Figure 23, Although they produced
- different flow conditions in the basin and different erosion patterns in
. the:channel downstream none of the designs was an improvement on

‘the initial design. However shortened baffle p1ers were eventually '

o _spec1f1ed for structural demgn reasons




Preliminary baffle piers with dentated end sill. --The solid end sill was
changed to one which was triangular in section and included deniates.
Although the water surface profile in the basin was nearly identical to
that of the initial design, the water surface fluctuation at maximum dis-
change was gbout 6 feet, as compared to 3 feet with the initial design.

The channel bed was shaped to the specified configuration, Figure 20A,
and an erosion test flow of 50 percent maximum discharge (132, 500 cfs),
tailwater elevation 1423, was run for 2 hours (prototype). The channel
was not greaily changed and the erogion that occurred merely rounded
the tops and bottoms of the side slopes of both channels, Figure 24A.
The model was operated for an additional 8 hours (prototype) at maxi~
mum discharge (264, 500 cfs), tailwater elevation 1431, The erosion
was guite similar {o that observed for the initial design, except that

the center of the channel was eroded to elevation 1382, for a distance

of 100 feet downsiream from the end sill, Figure 24B,

Short baffle piers with preliminary end sill, -- The prelimmary design
end sill was reinstalled and the height of the baffle piers was reduced
by cutting off the tops of the initial piers by 3 feet 9 inches. The short
pier was desirable to reduce the excessive sliding factor of the concrete
slab on the foundation material. These piers produced a definite change
in the water surface profile in the basin, Figure 23, The proflle of the
hydraulic jump was more gradual and less wave action occurred in the:
basin. Although deeper erosion occurred at the ends of the 'basin side-
walls, the erosion pattern in the downstream channel was sumlar to
that observed with the preliminary design,

Short baffle piers with dentated end sill, -- The short baffle piers were
retained and the dentated end sill reinstalled, Although the average
water surface in the basin was about 3 feet higher, the shape of the .
water surface profile in the basin was nearly identical to that of the-
previous test with the shortened baffle piers, Figure 23, - The erosion
of material from around the downstream ends of the basin sidewalls
was similar t6' the previous test. Four distinct shallow dunes formed
immediately downstream from the end sill, Figure 24C.

. Horizontal end sill _apron. --The short baffle: pleI‘S and dentated end
‘sill were left in place and the sloping downstream side of the -end sill
“was made horizontal, Figure‘23. This minor change did not-affect
‘the water surface proﬁle and a 2-hour erosion test at 50 percent .of
‘maximum discharge.caused very little erosion, Figure 254, Ejght
‘hours additional operation:at maximum discharge produced an erosion

' pattern similar to tlie'previous two tests, Figure 25B. - The space im- -
-~mediately downstream from the end sill was filled with bed material

level with:the top of- the sill which was initially 9 feet below the top of -
‘the horizontal apron. A small area on either side of the basin was I
.eroded-away from the 5111_ glightly exposing the footings, Figure 25C,. .~




s dlscharge normal tailwater.

Short baffle pier pressures. --Pressures on the surfaces of the short
pier were recorded while the spillway was operating at maximum dis-
charge and the tailwater surface elevation was varied from normal '
(1421) to 8 feet higher and 4 feet lower than normal. The pressures
for these conditions are compared in Figure 26. The impact pressures
on-the upstream face of the pier were from 7 to 15 feet lower than those
measured on the full height pier. (The discharge for the full pier test
was about 700 cfs hlgher than for this test.) The pressures along the
side of the pier again fluctuated and were as much as 4 feet below at-
mospheric at normal tailwater and 15 feet below atmospheric with the
low tailwater. The pressure measured on the downstream side of the
pier was unaffected by the change in height.

'-.\_.

"T" baffle piers with preliminary end sill. --The prelunmary end sill
and left half of the batile piers were restored and the baiffle 1ers in

~ the right half of the basin were changed to "Sloping 'T" Type'' 5/ piers,

Figure 28, The "T" baffle piers were placed in the same position, and

. the upstream face wasthe same s1ze as the initial piers. The flow in
the half of the basin: contauung the "T'" piers was very turbulent and :
‘the profile of the hydraulic jump was very steep, Figure 23. The surges

of the hydraulic jump rose above the top of the 51dewalls at maximum

I
i1

An erosion test at 50 percent of maximum d1scharge for 2 hours
{prototype) at normal tailwater caused very little erosion. Shallow

ridges or dunes formed on the 5:1 slope downstream from the basin,

Figure 27A, The ridges were ev1dent only in the right half of the
basin, downstream from the "T" piers. Maximum discharge opera-
tion at normal tailwater for 8 hours (prototype) caused the ridges to
greatly enlarge, Figure 27B and C. The ridges extended about

- 200 feet downstream from the end sill. The valleys between the
ridges were eroded as much as 20.feet below the initial grade. Bed

. material adjacent to the end sill was removed exposing the end of the

. gill to a depth.of 7 feet. No bed material was erocded from the area
-on either side of the basin, where erosion 0ccurred durmg the test of
the shortened bafﬂe plers : . :

R N bafﬂe pier pressures. --Pressures onthe "T" bafﬂe pier surfaces
were recorded for,inaximum spillway discharge with normal (1431)

and low (1427) tailwater elevations and for 50 percent of maximum

-discharge; normal tajlwater, Figure 28. All recorded pressures
were above atmospheric. The pressures were simijlar to those meas-
‘ured on the_-preliminary--mer_ The pressure on the side of the n!

., B 7"§hapea for Appurtenances in St1111ng Basins, ' " Journal of the

" . Bydraulics Division Proceedings of the American Society of Civil -
‘-Engmeers, May 1964 by N, Narayana P111a1 and T E. Unny,

' :_pp 1-21 ! : _ AT




pier was higher at maximum discharge (13 feet at Piezometer 2) than
on the preliminary block (3 feet at Piezometers 4 and 5). Nearly
identical pressures were obgerved at 50 percent maximum discharge.
The pressure measured on the downstream sloping face of all three
piers was essentially identical. _ - :

Baffle pier effect on hydraulic jump. --The shape and size of the baffle,
- piers determined the basic profile of the hydraulic jump in the stilling
basin, Figure 23. The initial design baffle piers created a steep hy- )
draulic jump which stayed well within the basin and had some wave
action. The shortened baffle piers created a flatter hydraulic jump
which extended the entire length of the basin and also had wave action
‘throughout this length, The "T" block baffle piers created a very steep
‘hydraulic jump with violently turbulent flow. Photos of the flows dem-
onsirate the three conditions, Figuie 29, The end sill had no effect

on the profile. .. . : : : S

The Recommended Basin

“Because of their adequate hydraulic performance and for structural
‘reasons, .the short baffle piers were used in the prototype stilling = -
basin., Changes in the end sill design produced no-imporiant hydraulic:
. improvements, and the preliminary sill was recommended. In all other
. aspects, the preliminary basin was recommended. _ T




-T able 1

DIMENSIONS OF HYDRAULIC FEATURES

B eature

Enghsh umts

Metmc umts

_Heigh’t of dam :
Length of dam at crest

" Length of dike at crest

‘Reservoir area

- . Reservoir capacity
-, Spillway design capacity

“Head on crest at de31gn capac1ty

' ‘Wldth of crest

Drop, crestto basin.floor
. "Width of basin -
.. Liength-of ‘basin

. Height of basin walls

‘Radial gate d:.mensmns

1115 feet_

15, 200 feet
1,300 feet
35,270 acres

1 976,000 acre-feet

264, 500 cfs
25,5 feet
600 feet
B84, 4 feet

644 feet

109 feet

1.53 feet

50 feet wide

| 21.76 feet high

35 meters

4,633 meters

396 meters

143 square kilometers
1. 204 % 109 cubic meters :
7,490 cms
7.8 meters

183 meters

25.7 meters
196 meters
33 meters
16 meters

| 15.24 meters.
'6.63 meters -
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Figure 4 |
Heport Hyd - 581

View facing downstream

PA495-D-54384 N

The approach channel showing 10 of the 12
spillway bays

GLEN ELDER DAM
SPILLWAY

The 1-72 Seale Madel




FIGURE '5
-REPORT HYD-561
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Figure 6
Report Hyd - 561

Discharge §6, 125 cfs (25% of maximum)
Gates fully opened, Res, W.S, El, 1477.3

Discharge 264, 500 cfs {Maximum)
Gates fully opened, Res., W.S. EL. 1492, 2!

GLEN ELDER DAM
SPILLWAY

Flow In Spillway Approach Channel

1-72 Scale Model




Figure 7
Report Hyd - 561

P495-D-54400 N AL

A. Material ercded from the left approach channel

side slope and deposited in the low-veloeity areas i
of the two adjacent end bays and at the stilling basin

end sill after 264, 500 efs discharge for 4 hours &
{prototype)

P495-D-54398 NA

B. The eroded area along the left side slope extended
about 330 [eet upstream from the spillway crest after
operation at the above discharge

GLEN ELDER DAM
SPILLWAY

Erosion of Left Side Slope of Appro=ch Channel

1-72 Scale Model
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Figure 9
Report Hyd - 5G1

P495-0-54383 NA

L -1

STV Ty

-
»

P455-D-54385 N

The upstream end of the left dike placed 30°
away {rom the approach channel. Discharge
264,500 cfs; fully opened gates; reservoir
water surface El. 14922

GLEN ELDER DAM
SPILLWAY

Approach Channel Training Dike Tests

1-72 Scale Model
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FIGURE. e
“REPORT HYD - ‘561

‘ELEVATION (FEET) e
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SUREACE EL. 1403

: SURF,

RESERVOI R WATER

ACE “EL. - {4

‘€ OF ‘CREST-—=
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a2 3 e s e

: POSITION NUMBER - (SEE DIAGRAM)

f:':c'RESf[ “STA, -,30} s._.-qa-___; L
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. RESERVOIR ~WATER. y
SURFACE EL. 1492, 2---"

\\ 'B; O.Gd“'

“READINGS - TAKEN AT 0.6 DEPTH
MAXIMUM DlSCHARGE ~ 264,500 CFS -

D

a1
i
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196 —0QAH L30d3Y "
Jynoid
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GLEN -ELDER DAM SPILLWAY

APPROAGH CHANNEL VELOCITY TRAVERSE
72 SCALE - MODEL




FIGURE 13
‘REPORT HYD -561
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232 Feet to left of &~~~
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FIGURE - 14
REFORT MHYD — 51
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& i izt
PA435-D-54389 NAY®

P495-D-54399 N

Flow through bays and clearance

of pilaster modeled in the left end
bay. Discharge 264, 500 cfs;
reservoir water surface El. 1482.2

B. Flow emerging from the two left
bays. Same discharge as above

Maximum discharge through fully opened gates
except left end gate closed, reservoir water
surface El. 1492.2

GLEN ELDER DAM
SPILLWAY

Flow Through Spillway Bays and on Chute

1-72 Scale Model

Figure 15
Report Hyd - 561
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Figure 19
Report Hyd - 561

P495-D-54387 NA

Discharge 50, 000 cfs with gates controlling
reservoir water surface El. 1482

Discharge 132,250 cfs with gates fully open
reservoir water surface El. 1482.9

PSS‘D-54355 N

Discharge 264,500 cfs with gates fully open
reservoir water surface El. 1482.2

Chute and Stilling Basin Flow - Preliminary Design

GLEN ELDER DAM
SPILLWAY

1-72 Scale Model




A. Downstream channel formed in sand prior
to all erosion tests

P495-D-54381 N

B. Erosion after operation for 2 hours (prototype)
at 264,500 cfs

GLEN ELDER DAM
SPILLWAY

Channel Erosion - Preliminary Design

1-72 Scale Model

Figure 20
Report Hyd-561




‘ fressuz:e-in feet- of water-
132 400 cfs
1423 ft

2655550.cfa
~ 1431 {1t

198 200 cfs '
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: * Pressures measured by water manometer. Maximum fluotuations

-~ 3 feet of water except for piezometers 4 and 5, whers

- pressures fluctuated about 20 feet and aversged 9 feet ,

- ‘subatmospheric for 125 percent of meximum discherge (333,200
-cfs) Test pier was located near basin centerline, _
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FIGURE 22
REPURT HYD - 56l
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b
e

Normol tailwoter
{See figure 9)

~--~-Pigzometer numbers
{for locotion see
figure 25}

HEAD IFEET OF WATER)

80 00 180 200 250 300 -
BISCHARGE (1000 CFS)
A. Average pressures read from woter manometers

Normagl taoilwater
{See figure 9}
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{for location see
figure.25) -
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+B.. Average preésuras vead from poper.record of uveragmg
; recurder connecfed to pressure frunsducers
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: GLEN ELDER DAM SPILLWAY -
DYNAMIG AND. AVERAGE PRESSURES ON: PRELIMINARY BAFFLE PIER




. FIGURE 23
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Figure 24
Report Hyd-561

P495-D-54350 NA:

A. Erosion after operation for 2 hours
{prototype) at 132, 250 cfs tailwater
at El. 1423. Note bed material de-
posited against the end sill (pre-
liminary baffle piers and dentated
erd sill.)

P195-D-54391

B. Above test followed by 264, 500 cfs for
8 hours (prototype) tailwater at El. 1431

C. Erosion after operation for 8 hours
(prototype) at 264, 500 cis tailwater
El. 1431. Note the four raised dunes
downstream for sill. (Short baffle
piers and dentated end sill.)

GLEN ELDER DAM
SPILLWAY

Channel Erosion with Dentated End sill,
Preliminary and Short Baffle Piers

1-72 Scale Model




Figure 25
Report Hyd-561

P435-D-54394 N

A. After 2 hours (prototype) operation at
132, 250 cfs tailwater El. 1423 note
sloughing of side glopes with negligible
€erosion

B, After 8 hours (prototype) operation at
264, 500 cfs tailwater El. 1431, Erosion
pattern similar to preliminary basin

P495-D-54396 N

C. Closeup of erosion at the end of the
basin training wall

GLEN ELDER DAM
SPILLWAY

Channel Erosion - Short Baffle Piers
and Dentated End Sill

1-72 Scale Model
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Figure 27
Report Hyd-561

P495-D-54401'N

A. After 2 houra {prototype) operation at
132, 250 cfs tailwater El. 1423, Smooth
channel downstream from preliminary
basin and dunes starting to form down-
stream from the "T' piers (right half .
of basin)

Pa9s-D-54402 N

B, After 8 hours (prototype) operation at
264, 500 cfs tailwater El. 1431, Note
dunes or ridges deeply cut in channel
downstream from "T" piers

A
RA95-0-54403 NAL

C. Above test flow - Channel bed erosion
downstream from the "T' piers

GLEN ELDER DAM
SPILLWAY

Comparative Erosion Test - Preliminary
and "T'" Baffle Piers

1-72 Scale Model
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Figure 29
Report Hyd-561

P495:D=54304 NA

Preliminary baffle piers - Discharge 264, 500
ofs tailwater El, 1431 pates fully open

P49E=D=54397 N

"T'" baffle piers - with above discharge

GLEN ELDER DAM
SPILLWAY

Effect of Differant Baffle Plers on
Basin Flow

1-72 Scale Model




CONVERSION FACTCRS—BRTTISH TO METRIC UNTTS QF MEASUREMENT

The following conversion factors sdopted by the Bureau of Reclematlicn are those publighed by the American Seciety for
Teeting and Materisls (ASTK Metric Practice Gulde, Jaruary 1964) except that edditiensl factors {#) componly usmed in
the Bureau have been. added, ' Further diecussion of defimitions of Quantities and units ls given on pages 10-11 of the
ASTM MetTic Practlce Guide, ' . . .

The metric urdts and. conversion factors adopted hy the ASTM are based an the "International System of Units” {desipgnated
SI for Syeteme Internstional d'Unmites}, fixed bty the Irternational Committee for Welghts and Measures; this system 1s
alec known ns the Glorgl or MESA (meter-kilogram (mase )—second-ammere) gystem,  This gystem hac been edopted by the

. Ictermatiemal Organizeticn for Standerdization in IS0 Reecopendation R-J1, . :

Tha metric techrical urdt of force is the kilogram=force; this 1s the foree which, when applied to a body having a

mass of 1 kg, gives it ap aceeleration of 9.80665 ny/sec/Bec, the standard meceleration of free fall towsrd the earth's
certer for ces level at 45 deg latitude, The metric unit of force in ST units ie the newion (K), which 15 defined as
tbat force which, when applied to e body having s wass of 1 kg, givea 1t an accelerstion of 1 n/eea/sez, These umits
must be dietinguished from the (inconstent) local wedght of & body having » gasa of L kg; that 1s, the welght of &

body 15 that force with which a body 1a ettracted to the earth and ie equal 0 the mass of a body multiplied by the
acceleration due to gravity. However, because it i general practice to use "pound" rather than the technically
correct term "pound-force,” the term “kilogram" (or derdved mase unit) has been used in this guide ipstead of "kKilogrem-
farce" in expressing the sonversion factors for {erces, The newton urdt of foree will rind increesing use, and ia
eocential in ST unite, ’ .
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Square centimeters
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Square metars

Heotares

Square metars

Square kilometers
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. Cuble centimeters
Cutic maters
Cutdc meters

. Fludd ounees (U.8.)
Liquid plate (U.5.)

Cutde centimeters

Gallons (U.K.)

Cubio feet . .
‘Cubie yara
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- QUANTTTTES AND UNITS OF MECHANTCS
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- 'ABSTRACT

Model gtudies indicated that the initial design of the Glen Elder Dam-

illway was adequate for flows up to and including the 264, 500 cfs.
maximum digcharge. Spillway discharge is controlled by twelve
50-foot-wide by 21, 76-foot-high radial gates and the eitergy is dis-
sipated by a hydraulic jump stilling hasin (Type II). ‘Total'drop in
elevatlon from spillway crest to basin floor is 84, 4. feet, Tests per-
formed and results recorded include velocity and water surface pro-
files in the approach chamnel, water surface profiles throughout the
struchire, -presgures on the baffle piers, erosion in the approach and
downstream channels,” and discharge capacity and coefficients for the
eplllway.. Training dikes for the approach channel, and five different
baffle pier and end sill arrangements in the stilling basin were tegted,
The shoriened baffle pier was used in construetizir, ’

o * ABSTRACT
‘Model_studies indicated that the initial design of the Glen Elder Dam
gpillway wag adequate for flows up to and including the 264, 500 cfs
‘maximum discharge,. Spillway discharge 1s controlled by twelve
50-foot~wide by 21, 76-foot-high radial gates and the gnergy 1s dis- :
sipated by.a hydraulie jump stilling basin (Type III). Total drop in
elevation from spillway crest to basin floor is 84.4 feet.. Teats per-
formed and ;results recorded include velocity and water surface pro-
‘files in the approach channel, water surface profiles throughout the

“ structure, pressures on the baffle plers, erosion in the approach and

*.downatream channels, .and discharge capacity and coefficients for the -

“spillway: Tralning dikes for the approach channel; and five different
", baffle pler and end sill arrangements in the stilling basin were teated,
' The ghortened baffle pier was used in construetion, :

ABSTRACT

Model studies indicated that the initial design of the Glen Elder Dam -
spillway waa adequate for flows up to and including the 264, 500 cfs
maximum dlscharge. Spillway discharge is controlled by twelve
50-foot-wide by 21,76 -foot-high radial gatesand the energy is dis~
sipated by a hydraulle jump stilling basin (Type III). Totaldrop in .
elevation from spillway crest to basin floor is 84. 4 {eet, Tests per-
formed and resulta recorded include velocity and water surface pro-
files in the spproach channel, water surface profiles throughout the
structurg, pressures on the baffle plers, erosion in the approach and
downstream channels, and discharge capacity and coefficients for the
spillway. Training dikes for the approach channel, and five different
baffle pier and end sill arrangements in the stilling basin were tested,
The ghortened baffle"pier was used in construction,

) . ABSTRACT

Model studies indicated that the init{al design of the Glen Eider Dam
spillway was adequate for flows up to and including the 264, 500 cfs
maximum discharge, Spillway discharge is controlled by twelve

- 50-foot-wide by 21.76-foot-high radial gates and the energy is dls--

sipated by a hydrsulic jump stilling basin (Type II1), Total drop in

-elevation from spillway crest to basin floor is 84, 4 feet, Tests per-

‘formed and results recorded include velocity and water surface pro-
files in the approach channel, water surface profiles throughout the
structure, pressures on the bsffle plers, erosion in the approach and
downsiream channels, and discharge capacity and coefficients for the
spillway, Training dikes for the approach channel, and five different -
baffle pler and end sill.arrangements in the stilling basin were teated,

~The ghortened baffle pier was used in construction,
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HYDRAULIC MODEL STUDIES OF THE SPILLWAY--GLEN ELDER DAM

USBR Lab Report Hyd-361, Hydranlics Branch, Division of Research,
June 8, 1966, Bureai of Reclamation, Denver; 13 p,-1 tab, 20 fig

2SCRIPTO! dentated sills/ hydraulle structires/ *stilling basins/
ischairge coefficiénts/ discharge measurement/ flow/ Froude number/
ydraulic jumps/ hydraulic models/ open channel flow /' spillway crests/
rwater surface profilesf velocity distribution/ erosion/ radial gates/
IDENTIFIERS-- *haffle plera/ hydraulic design/ Glen Elder Dam, Kan./

Missouri River Basin Project - o .

"o

Tl s

HYDRAULIC MODEL STUDIES OF THE SPILLWAY--GLEN ELDER DAM -

MISSOURI RIVER BASIN PROJECT, KANSAS - -

ab Report Hyd-561; Hydraulics Branch, Division of Research,
?_19__66'.-'_-'*-Buijeau'_o__f_,Beclgm_atgnn;-Denv'er, 13 p, 1tab, 20 fig—

DESCRIPTORS- - *dentated sills/ hydraulle structures/ *atilling basina/ |

discharge coefficients/ discharge mensurement/ flow/ Froude number/ "
hydraulic fumps/ hydraulic modela/ open channel flow/ spillway crests/.
swater. sirface profiles/ velocity distribution/ ercsion/ radial gates/

Basin Project -

IDENTIFIERS- - *baffle plera/ hydraulic desigh/ Glen Elder Dam, Kan,/ =
T 3 . 0 RN _{,:“_ o " S

Mi 5o R

HYD-561
Arris, W, F;

HYDRAULIC MODEL STUDIES OF THE SPILLWAY --GLEN ELDER-DAM

-MISSOURI RIVER, BASIN PROJECT, KANSAS -

USBER Lab Report Hyd-561, Hydrsulies Branch, Divi
; . C ' sion of R,
June 6, 1966, Bureau of R:eclamation, Denver~13 p, ? tab, ;;er?grch.

DESCRIPTORS-- *dentated silla/ hydraulic structure 1 .
i s/ *stilling b
discharge coefficients/ discharge measurement/ flow; Froude ngumal?grl'?l
Edraulic jumps/ hydraulic models/ open channel flow/ spillway crests/
i E;}e&;g}tsgg p:gfl};a! lreloclzi;y distribution/ erosion/ radial gates/

-- *haffle plers lic de
Missouri River Basin Pr?o:lt;ct_ yirmulic sestgn/ Glen'E.ld'er pam, K.an. !

HYD-581 " °

Arris; W. F, .

HYDRAULIC MODEL STUDIES OF THE SPILLWAY--GLEN ELDER DAM - [

MISSOURI RIVER BASIN PROJECT, KANSAS :
USBR Lab Report Hyd -581, Hydraulice Branch, Division of Regearch,
June €, 1966. Bureau of Recltamation, Denver; 13 p, 1 tab, 29 fig

DESCRIPTORS-- *dentated silla/ hydraulle structures/ *stilling basins/
‘discharge coefficients/ discharge measurement/ flow/ Froude number
hydraulic jumps/ hydraulic models/ open channel flow/ spillway cresta/ .
*water Surface prafilea/ veloeity distribution/ erosion/ radial gates/
IDENTIFIERS-- *baffle plers/ hydraulic design/ Glen Elder Dam, Kan, /

Missouri River Basin Project




